Abstract: Much of the energy used in the world is associated with the construction sector, and one of the ways to reduce that energy consumption is to do each constructive process in an energetically efficient way. The aim of this paper is to present results from an energy efficiency program in the construction of a business complex in Hermosillo, Mexico, particularly in the processes of reinforcing steel activities (rebar). Results reveal that appropriate use of equipment and the coordination between engineers and workers help to improve the energy efficiency during the construction phase also reducing material waste. Additionally, attaching the energy efficiency approach to the cleaner production framework is a complicated task due to energy inefficiencies are not easily identified and estimated. Since there is less energy consumption in construction process along the life cycle of buildings compared to operation activities, there is little evidence on energy efficiency studies in that part of the process. Therefore, this paper intends to provide experiences to construction experts in order to have better basis for decisions related to energy efficiency in this industry.
involved are their location, building materials and their design (Chou et al., 2017) . A means to reduce that energy consumption is to carry out each phase of construction process in an efficient way, from obtaining the raw materials to demolition and waste management phases (Peláez Ramos, 2011) . The purpose of this paper is to show, as part of an energy efficiency program, the results of a case study on reinforcing steel activities (rebar) in the construction of a business complex in Hermosillo, Sonora, Mexico. This paper is structured as follows: the next section shows a literature review about sustainability and energy efficiency in construction as well as related topics, section three describes the methodology used in this study, section four shows the results, and last section provides concluding remarks.
Literature review
Construction processes generates many kinds of environmental impacts such as emissions of greenhouse gases and other air pollutants (Zhang et al, 2014) . For reducing those, transferring the sustainable development principles into the construction sector becomes necessary (Passer et al, 2015) . As stated by the Nordic Innovation institution (2014), the main objectives of sustainable construction activities are to deter resource depletion of energy, water, and raw materials and prevent environmental degradation caused by facilities and infrastructure throughout their life cycle.
Although the construction sector is characterized in general by frequent deadlines delays, budget overruns and problems in maintaining proper quality (Nowotarski et al., 2016) , sustainability building construction has experienced a significant growth in recent years (Wibogo et al., 2017) . Nevertheless, a well-structured framework for sustainability is still missing in this industry (Alwan et al., 2017) , therefore, it needs more careful investigation to make this sector more adequate to the goals of sustainable development (Alsudairi, 2015) .
Some of the key supporting activities for sustainable construction include strengthening technology innovation, improving standards and evaluation, establishing demonstration projects, and publicity (Chang et al., 2016) . To accomplish this, supervising the strict application of the construction planning, the construction methods in every phase of the project and the execution of the works in accordance with the recognized conventional environmental standards is critical (Kalfa and Kalogirou, 2017) .
Particularly, developing countries usually have a low sustainability awareness in the construction industry as they have only just begun to deal with the challenges of sustainable development (Tabassi et al., 2016) . This has been a difficult task because, although there is a responsibility of understanding and translating strategic sustainability objectives into concrete action at project-specific levels (Ugwu and Haupt, 2007) , relying on the early steps of a project and reducing the impacts through appropriate on-site management will not necessarily lead towards a sustainable construction (Ding, 2007) .
A way to advance towards sustainability is energy efficiency because it contributes to reduce the greenhouse gas emissions (Ganda y Ngwakwe, 2014) . In this sense, buildings designed and constructed with a high degree of energy efficiency will increase also the economic savings in construction processes (Ladenhauf et al, 2015) . Therefore, a sustainable design model for structures needs to be developed with the optimal combination of construction materials since, during the construction phase, materials and equipment are the major sources of carbon emissions, where the proper planning, management, and application of equipment could reduce energy consumption as well as the operating and maintenance costs (Choi et al., 2016; Zhang and Wang, 2016; Kirimtat et al, 2016) . Data for the study were obtained through technical information from equipment and machinery labels and manuals, as well as from an Apple IPhone 6® smartphone camera. For data processing and analysis, Excel® spreadsheets and Autocad® design software were used.
Results

Planning and organization
The first stage, planning and organization, started with a meeting with the top management of the construction company in order to explain the different benefits that a program of this kind would bring into the construction industry. As a result, a formal agreement was signed between the company and the Sustainability Graduate Program of the University of Sonora. An energy efficiency team was also created to be able to start tasks in a more organized way. This team was integrated by both company personnel and university members. 
Pre-assessment
For the pre-assessment stage, a process flow diagram of material and energy inputs and outputs was completed, as shown in Figure 3 , in order to identify the main activities of the construction process. Walkthroughs were also conducted along with the project manager and the construction manager with the purpose of analyzing these activities, and thus, have a general perspective of the energy efficiency issues to address in a preliminary way. Both types of cranes are used in variable occasions per day. The construction process was divided in two parts, steel cutting and movement of the steel structures, with the purpose of looking for potential savings in terms of energy consumption and greenhouse gases emissions in form of carbon dioxide equivalent (CO2-eq), as shown in Table 1 . Source: Authors' own elaboration Following, through the energy efficiency team, a root cause analysis was also conducted, as shown in the Ishikawa diagram of figure 6, to find the main sources of inefficiencies and, thus, generate options for improvements in the steel reinforcing activities. Once inefficiency sources were identified, possible options were suggested to improve the construction process. As shown in Table 2 , the solutions were addressed into three categories: the process, the personnel, and the equipment, where an "X" indicates an improvement opportunity for each category. 
Options evaluation
At this stage, the previous option proposals were evaluated under three perspectives: technical, environmental and economic. The technical evaluation involved the consumption of materials and energy, the time that would take to implement the proposals and how the changes would affect the quality of the processes. The results show that, for Proposal P01, the organization between workers and engineers during the cutting of the steel can help in the production quality and in the maintenance of the equipment, because it would reduce the quantity of steel waste and would also help to use the steel cutters more efficiently. Proposal P02 was the creation of a cutting area that would reduce wasting time in the process. For Proposal P03, the coordination of the crane operators and engineers can help to reduce human force as well as the maintenance of the cranes. This would benefit other areas like the cost of crane reparation. The last proposal, P04, can help to reduce also wasting time and make improvements to other future processes increasing thus the production quality.
The environmental evaluation was focused whether the proposals for each of the reinforcing steel activities would reduce greenhouse gases and fossil fuels, as well as the risks to construction workers. The most common environmental safety and health factors were studied. Proposal P01
would improve the reduction of solid residues through the organization in the cutting area because it could help to reduce steel wastes. On the other hand, Proposal P03 would help to reduce greenhouse gas emissions through the coordination of the cranes. The other two proposals did not have a significant environmental contribution.
Last, but not least, economic evaluation addressed the investment required for each of the proposals, including the impact on energy and material savings (see Table 3 ). Due to the nature of the activities under the study as well as the practicality of the proposals, the maximum investment necessary for the options was less than four hundred US dollars. Source: Authors' own elaboration
Implementation and continuation
The implementation action plan aims to define the timing, tasks and responsibilities of the options to improve the energy efficiency in the construction process, placing priority for implementation in accordance with available resources. Table 4 shows the implementation plan for the proposals in the reinforcing steel activities. 
Discussion and conclusion
Construction industry has several environmental and health impacts along its whole life cycle such as resource depletion, materials waste, and high energy consumption. From a sustainability point of view, energy efficiency is a core element to be considered in this kind of industry due to its relation on minimizing greenhouse gas emissions as they contribute to climate change. This study showed that, although construction processes are very complex with multiple operations and with a lot of people involved, there are many opportunities that can be found by addressing specific areas such as reinforcing steel activities.
Particularly, the Cleaner Production-Energy Efficiency program proposed by UNEP (2004) was a useful tool to identify inefficiency sources in steel-cutting operations and in site structure transportations, where large equipment is involved. The results showed few short-term benefits in reinforcing steel activities such as small saving time in operations and slight resources recovering producing a reduction average of 18.613 kg of CO2-eq daily. Nevertheless, most potential significant benefits will be more valuable in a long-term. As a result of the good perception of the top management about the program, it is expected to be applied to other construction activities within the site such as concrete casting, steel structures insertion and block walls building. The cleaner production approach provides an additional value, that is to say, implementation of this program will increase not only energy efficiency options but may unveil some opportunities on other areas such as occupational health and safety.
Regardless the several benefits that this kind of program could bring, addressing energy efficiency in this sector has some challenges. For instance, unlike some other industries, daily operations in construction industry are not necessarily standardized, thus, measuring energy efficiency is a difficult task, as mentioned by a OECD/IEA report (Tanaka, 2008) , since the dynamic of a complex system brings complications in data collection as well as it slows down tracking changes consistently. Despite these limitations, implementations in this project evidence that a proper material waste management and a proper use of large equipment bring benefit the construction in an economic and environmental way.
Although this paper shows the results of a single case, under the assumption that the construction industry has similar behavior at least in the northern region of Mexico, decision makers and key stakeholders in this sector may use this information to support more informed decisions and substantially improve its energy efficiency and reduce energy consumption. A final remark is that a more integrative approach is important to make the construction industry more environmentally and socially responsible while being economically feasible and, as a result, enhance it is performance towards a more sustainable world.
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